The memory game paradigm is a behavioral procedure to explore the relationship between language, spatial memory, and object knowledge. Using two different versions of the paradigm, spatial language use and memory for object location are tested under different, experimentally manipulated conditions. This allows us to tease apart proposed models explaining the influence of object knowledge on spatial language (e.g., spatial demonstratives), and spatial memory, as well as understanding the parameters that affect demonstrative choice and spatial memory more broadly. Key to the development of the method was the need to collect data on language use (e.g., spatial demonstratives: "this/that") and spatial memory data under strictly controlled conditions, while retaining a degree of ecological validity. The language version (section 3.1) of the memory game tests how conditions affect language use. Participants refer verbally to objects placed at different locations (e.g., using spatial demonstratives: "this/that red circle"). Different parameters can be experimentally manipulated: the distance from the participant, the position of a conspecific, and for example whether the participant owns, knows, or sees the object while referring to it. The same parameters can be manipulated in the memory version of the memory game (section 3.2). This version tests the effects of the different conditions on object-location memory. Following object placement, participants get 10 seconds to memorize the object's location. After the object and location cues are removed, participants verbally direct the experimenter to move a stick to indicate where the object was. The difference between the memorized and the actual location shows the direction and strength of the memory error, allowing comparisons between the influences of the respective parameters.
Introduction
The relationship between language and non-linguistic representations is a fundamental topic in the cognitive sciences 1, 2, 3, 4 . In exploring this relationship, we focus on spatial cognition. The memory game procedure enables us to experimentally control the influence of different parameters on the relations between spatial language, spatial memory, and object knowledge, while also retaining a degree of ecological validity. Past methods used to elicit spatial demonstratives or the comprehension of them range from those that have high ecological validity but low experimental control (e.g., the observational work of Enfield 5 , or the elicitation methods developed in Max Planck Institute field guides 6 ) to those that have high experimental control but low ecological validity (such as the within-participant designs employed tapping the congruence of demonstratives with pictures 7, 8 ). The memory game method was developed not as a substitute for these methods, but rather as a complementary method retaining the strengths of these various approaches within a single paradigm.
Key to the development of the method was the desire to retain high experimental validity while also ensuring that participants use language naturalistically in (real) three-dimensional space without being aware that their language was being tested. There are several important points to note here. First, the brain systems underlying peri-personal (near) space and extra-personal (far) space in vision and action are reasonably well charted, and involve a (graded) distinction between the space reachable around the body and the space not reachable 9, 10, 11 . In past linguistic investigations of the influence of distance on demonstratives, the perceptual basis of this distance distinction is often not adequately considered. The use of photographs in some past studies manipulating distance where the whole image on the screen is in peripersonal space is arguably not a fair test of the influence of distance on demonstratives as motivated from the basic brain system distinction. Second, asking participants to produce demonstratives and telling them that the researchers are interested in the demonstratives used opens up the possibility of bias, with participants generating their own theories regarding demonstratives and thus not producing them naturally. For that reason, the memory game uses a cover story to elicit demonstratives without participants realizing that the demonstratives chosen are of interest. Indeed, on debriefing we find that participants report being unaware of the real purpose of the study. Moreover when the purpose of the study is revealed, participants often describe how they use demonstratives in ways that do not necessary accord with their own actual behavior during the task.
, the memory game aims to avoid the pitfalls identified by Firestone and Scholl, such as overly confirmatory research designs (different models are tested, allowing disconfimation) and demand and response biases (cover stories ensure participants are unaware of the aim of the study). (See attachment for a transcript of the instruction for both versions of the memory game.)
In the language version (section 3.1) of the memory game, testing spatial language production, we use memory as a cover story so that demonstratives can be elicited without participants realizing that their use is being measured. Participants are instructed that they are taking part in an experiment examining the influence of language on memory for object location (the experiment is advertised as a memory experiment). Participants sit at a long table with a number of color-coded locations marked at various distances in front of them. At the start of each individual trial, the experimenter or the participant (agent is a potential experimentally controlled parameter) places an object (e.g., blue heart, black cross) at one of the locations. Between trials, the distance from a participant is varied, as well as other parameters of potential interest, such as ownership (whether the participant owns an object or not), visibility, familiarity, agent (who places the object), and the position of a conspecific. After object placement, participants point at the object (but do not touch it) and name it. Participants are instructed to use three words: demonstrative, color, object name (e.g., for the English version: "this/that red circle") . . Please click here to view a larger version of this figure.
In the second version of the memory game (section 3.2), we test memory for object location. Following object placement, participants view the object/location for 10 seconds. After the 10 seconds, the object and location markers are removed, and participants verbally instruct the movement of an indication stick (see Figure 3 , the indication stick is placed at various distances, either closer or farther from the actual location) to match the exact location they thought the near edge of the object was at. The experimenter moving the indication stick stands behind a curtain to avoid a clever Hans effect (i.e., so that the participant cannot read any accuracy clues from the experimenters' face/body language). The difference between the recalled location and the actual object location shows the direction and strength of the influence of the respective conditions (see Figure 4) .
Across multiple series of experiments employing these procedures, we found a close relation between spatial language and spatial memory [e.g., see Table 1 ]. Distance and multiple parameters of object knowledge (e.g., ownership, visibility, familiarity) have been found to influence the use of demonstratives (this/that) 13 . For example, if an object is out of reach, one is more likely to say that compared to this 1, 13 ; if the object placed is owned by the participant, one is more likely to use this compared to when the placed object is owned by someone else. Furthermore, results from the memory version parallel results from the language production version. In situations in which participants are more likely to refer to an object using that compared to this, participants misremember the object to be further away in the memory version . More specifically, the influence that object knowledge has on spatial language and memory (e.g., objects placed further away are verbalized using the demonstrative that rather than this) is similar to the influence that spatial language has on spatial memory (objects placed with that are misremembered to be further away than placed with this). This shows a close relation between spatial cognition and language.
Theoretically these methods have been used to differentiate between several possible models predicting different influences of spatial language on spatial memory. For example, the Expectation model 13 suggests that spatial memory is a concatenation of the expected location and the actual location. For instance, if one owns an object, it is expected that the object will be closer than if the objects belongs to someone else (since most objects that are close by are objects one owns). The expectation model is based on previous results 1, 13 , and the evidence across experiments favors this model over other models in follow-up studies 14 .
Protocol
All methods described here have been approved by the School of Psychology Ethics Committee of the University of East Anglia.
Preparation
1. Advertise the experiment as a memory experiment; it is important for the language production version that language is never mentioned as the dependent variable. 2. Inform all participants in accordance with ethical guidelines, and let them sign a consent form confirming they agree to take part under the following presumptions: 1. Presume that participants understand the information provided. 2. Presume that participants had the chance to ask questions about the experiment and had these answered satisfactorily.
3. Presume that participants know their participation is voluntary and that they are allowed to withdraw at any time, without giving any reason and without it affecting them in any way. 4. Presume that participants know that no personal information (such as a name) will be shared outside of the research team or published in the final report(s) from the research.
3. Materials 1. Cover a standard height table (L = 325 cm, W = 90 cm) with a single-colored tablecloth to prevent any marks on the table from being a spatial marker for participants. The length of the table may be varied as a function of the distances to be tested. 2. Mark locations, spaced equidistantly on a location-stick, placed along a midline from the participant (who sits at a short end of the table, See Figure 1 ). Place the objects on the near edge of the location marks, so that there is no variation in the exact location of the placed objects. NOTE: The number of marked locations and their distances may be varied as a function of the tested parameters. In the video we use 12 locations, with a distance of 25 cm between them. 3. Print different colored shapes and place them in plastic discs (6.5 cm in diameter), thus controlling for object properties. Other objects can be used, dependent on the hypotheses to be tested; for example in one experiment manipulating ownership coins owned by either the participant or experimenter were used (See Figure 5 ). 4. Cover the space around the table with curtains, in order to eliminate any distance cue from the room. 5. Cover one of the long sides of the table with a curtain [see Figure 4 ]. In the memory version (section 3.2) of the procedure, the experimenter is behind this curtain while the participant indicates where s/he remembers that the object was. This ensures the participant cannot see the experimenter, preventing any non-verbal cues as to the accuracy of the participants' response. In turn, the experimenter cannot see the table, thus eliminating any confounds in moving the indication stick. 6. Place a measuring tape on the table on the experimenters' side of the curtain, out of sight of the participants, in order to record the recalled location in the memory version (section 3.2). 7. To avoid being influenced by the tape measure during the participants' instructions, have the experimenter focus only on moving the stick at a constant speed. This way, the experimenter does not have information on accuracy while moving the indication stick. When the participant states that the near edge of the indication stick matches the near end of the object, use the measuring tape to note the recalled location of the object. 
Procedure
NOTE: Some details of the setup depicted in the video differ slightly from the manuscript. For example, the location-stick looks somewhat off centre (especially when turned over), the position of the experimenter next to the participant, and the lighting conditions (resulting in shadows), were adjusted for videographic reasons. This should be avoided during testing, to avoid confounding visual cues. Follow the details in paper when replicating.
Language version NOTE:
The language version of the memory game assesses how spatial language is used to verbalize spatial situations. 1. First instruct participants that they are taking part in an experiment testing the influence of language on spatial memory (so that participants do not realize that their demonstrative use is being measured). Tell participants that the experiment is testing the influence of language on memory for object location, and that they are taking part in the 'language condition' (with other people -not actually tested -in the 'no language' condition). Instruct participants to use three words: [a demonstrative], [the color of the object], [the shape of the object] (e.g., this/that black cross), in order to make this as similar as possible for all participants. 2. On each trial, the experimenter will instruct the placement of an object (e.g., "I/ You place the [object] on the [location]"). The agent (who places) condition is one of the experimentally controlled parameters. 3. Present an example trial in which the experimenter places the object and shows what a trial looks like, for example: "I place the [object] on the [location]." 4. Create multiple trial lists, randomizing the order of trials while ensuring no object or location is used in two successive trials. This prevents trial order effects and carry-over effects from trial to trial. 5. After the object placement, when both experimenter and participant are seated, have the participant use body language (only to point at the object, but not touch it) and verbal language to name the object. 6. Instruct the participant to name the object, only using three words: [demonstrative], [object color], [object name] (e.g., "this blue heart").
NOTE: The participant does not name the location. Participants are informed that they must use only three words so that the 'language condition' participants are all using the same amount of language to potentially affect memory. 7. As an experimenter, record which demonstrative term the participant uses to refer to the object. (From the partcipant's perspective, it appears that the experimenter is marking off completed trials.) 8. After the participant names the object, remove the object and proceed with the instruction for the next trial. 9. Maintain the 'memory game' cover of the language version of the experiment, by asking the participant to recall the most recent locations of four of the objects, at six or more different times, presented throughout the experiment (so at least 24 memory trials in total; this can be varied as a function of the total number of trials).
Memory version NOTE:
The memory version assesses how manipulated conditions (e.g., ownership, language, see section 3.3), affect memory for object location. 1. Instruct the participant to read out an instruction card at the start of every trial, instructing the placement of an object. The instruction card allows the manipulation of a language condition if desired. 2. During object placement, ensure participants have their eyes closed. Following object placement, control for memory encoding time and ensure participants get exactly 10 seconds to encode object location memory (look at the object). 3. After the 10 seconds of memory encoding, instruct participants to close their eyes and turn the location-stick turned upside down so that participants cannot see the locations during the memory recall [see Figure 4 ]. 4. Make sure both experimenter and participant are at their respective places during the recall (see Figure 1) . In this setup, a second experimenter will move the indication stick, out of sight of the participant. 5. Place the indication stick at varying distances from the actual location (counterbalanced to be closer by or further from the participant), so that participants have to instruct the movement of the indication stick to reach the actual location. 6. To prevent the placement of the indication stick becoming an anchor for participants, within the first 10 trials, add 3 filler trials. At these filler trials, place the indication stick at more extreme distances (e.g., 20 cm) from the actual location. These filler trials are not used in the analysis. 7. Instruct the participant to verbally indicate whether the indication stick needs to be 'further' or 'closer' to match the recalled location of the object. 8. When the participant is satisfied with the location of the indication stick, instruct them to say 'stop.' 9. Note the recalled location, using the measure tape on the side of the table. 10. Repeat a trial at the end of the experiment if the participant memorizes an object to be more than 10 cm from the actual location.
Variants on Tasks
NOTE: Variants on these tasks can be used in both the language version (section 3.1) and the memory version (section 3.2). 1. To manipulate the agent, use instructions that indicate whether the experimenter or the participant places the object. 2. To manipulate ownership, provide the participant with coins (e.g. as part of the participation payment). By using the participants' coins and the experimenters' coins, the ownership variable is manipulated. 3. Use different object colors and forms to manipulate familiarity (e.g., for familiar: red circle; for unfamiliar: viridian nonagon). 4. Cover objects during encoding to manipulate visibility. A metal cover for the no-visibility and no-touch condition, a glass cover for the visibility but non-touch condition, or no cover for the visibility and possibility to touch condition. More information about these manipulations can be found in Coventry To manipulate language at encoding in the memory version, use instruction cards on which language is manipulated (e.g., the participant reads out instruction cards like "Place this/that/the [object] on the [location]"). The instruction cards are printed on laminated cards the size of playing cards. Present these cards in a card-shoe, placed on the objects-table, to ensure easy access for the participant. 6. Repeat a trial when a participant does not remember the demonstrative used on the instruction card at the end of the trial. Ask the participant to recall the demonstrative used on the instruction card at the end of each trial (to ensure participants remember the specific language condition of the trial). To ensure participants do not realize the study is about demonstratives, present this demonstrative recall task as cognitive load task, to make the task more difficult. 7. To manipulate position of a conspecific, have the conspecific take position either next to the participant, or on the opposite side of the table. In this way, the territory of the participant and experimenter can be shared or positioned opposite. This manipulation is based on linguistic theories suggesting some language (e.g., Japanese) require perspective taking when an object is closer to a conspecific. When participant and experimenter are seated opposite one another, locations can be divided by position (e.g., within reach of participant, within reach of experimenter, out of reach for both) and distance from participant (within reach of participant and experimenter, medium far, furthest away). Using this manipulation, a second experimenter needs to move the indication stick on participants' instruction so that the first experimenter can maintain his/her position.
Analysis
1. Language version (section 3.1) 1. Calculate percentages of demonstrative use for each combination of variables. 2. Analyze data with a mixed ANOVA, using within (e.g., distance, ownership, familiarity, visibility, language at instruction, position of a conspecific) and between (e.g., gender) variables 1, 13 .
2. Memory version (section 3.2): 1. Calculate the absolute value of the difference between the actual location and the recalled location (in mm, negative values indicate the object was recalled to be closer) for all trials, then average this difference over each cell of the design. 2. Analyze data in a mixed ANOVA, using within (e.g., distance, ownership, familiarity, visibility, language at instruction, position of a conspecific) and between (e.g., gender) variables 13, 14 .
Representative Results
Results of the 10 experiments to date show a consistent pattern. Demonstrative use is influenced by a number of parameters -distance, agent, ownership, familiarity, visibility, position of a conspecific -whether they are explicitly encoded in a language or not 1,13,14 (see Table 1 ).
Results 1 suggested that spatial demonstratives are related to areas of peri-and extrapersonal space 15 . These discrete zones of space are flexible can be extended and contracted by tool and weight use 1, 16 .
Coventry et al. 13 showed experimentally that demonstrative use and memory for object location are related -that is, when participants tend to prefer that over this under specific conditions (in the language version), participants memorize objects further away in similar conditions (in the memory version) (see Table 2 ). These language effects are found next to a distance effect (in which the memory error is larger as the object is placed farther away), and a general overestimation of distance from the participant. Results from Gudde et al. 14 showed that objects placed with that in the instruction were misremembered to be further away than objects placed with this (the same pattern was also found with possessivesmy/your red circle, etc).
Results support the Expectation model 13 which proposes that memory for object location is a concatenation of the actual location of an object and the expected location. The expectation of an objects' location can be elicited by general object knowledge (e.g., regarding ownership), or language used to refer to the object (e.g., spatial demonstratives). The expectation model is consistent with theories of predictive coding 17, 18 . The prediction of other models have been tested against the data (e.g., congruence model, attention attenuation model), but predictions of these respective models do not match the data (see Gudde et al. 14 for discussion). 
Discussion
The memory game has been shown to be an effective procedure to explore the relationship between language, spatial cognition, and object knowledge. The described procedure can be used to test many different parameters. In section 3.3, we provided an overview of parameters tested so far -this is not meant to be an exhaustive list of potential parameters. This publication aims to provide a structure for testing the The combination of high experimental control and high ecological validity combines the strengths of previous research methods. The lab setting ensures a high level of experimental control, in which specific parameters can be manipulated and contrasted. At the same time, ecological validity is maintained. Participants are generally unaware about the real aims of the study, and use language naturally. The memory game cover means that upon debrief, few participants report the intuition that language was tested. In the language version of the memory game (section 3.1), participants accept that the language is part of an 'encoding' manipulation. In the memory version of the memory game (section 3.2), when language is manipulated at encoding participants accept that the language is used to increase cognitive load.
It is essential to control the exact placement of the objects used, so that the objects are placed at exactly the same locations in all conditions. Other experimental parameters may be altered to suit the relevant research questions. Future research, employing this memory game, can focus on testing the relation between spatial cognition, object knowledge, and languages in cross-linguistic studies.
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